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Objectives. We used data from birth certificates, Medicaid, and the Special Supple-
mental Nutrition Program for Women, Infants, and Children (WIC) to examine the rela-
tionship of child participation in WIC to Medicaid costs and use of health care services
in North Carolina.
Methods. We linked Medicaid enrollment, Medicaid paid claims, and WIC participa-
tion files to birth certificates for children born in North Carolina in 1992. We used mul-
tiple regression analysis to estimate the effects of WIC participation on the use of
health care services and Medicaid costs.
Results. Medicaid-enrolled children participating in the WIC program showed greater
use of all types of health care services compared with Medicaid-enrolled children who
were not WIC participants.
Conclusions. The health care needs of low-income children who participate in WIC
may be better met than those of low-income children not participating in WIC. (Am J Pub-
lic Health. 2003;93:145–150)
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pected to be associated with increased use of
preventive care and, ultimately, improved
health status of children.
This study provides important and timely
evidence on the use of health care by low-
income children enrolled in Medicaid and on
the role that WIC can play in promoting ap-
propriate health care utilization. Using linked
birth certificate, Medicaid, and WIC data files
for the state of North Carolina, we examined
the relationship between child participation in
WIC and the use of preventive health care
services, Medicaid costs for children, and the




We selected Medicaid enrollment records
for children who were born in 1992 and who
had been enrolled in Medicaid at any time
before turning 5 years old. For each child, a
Medicaid enrollment history was created indi-
cating Medicaid enrollment (yes/no) for each
of the 60 months from birth to age 5. This
Medicaid enrollment information was then
matched to 1992 North Carolina birth certifi-
cates. Among children who had been enrolled
in Medicaid for all of their first 12 months of
life, 98.5% of the Medicaid enrollment rec-
ords matched to a 1992 North Carolina birth
certificate. The overall matching rate was
77%. The lower overall matching rate was
due, in part, to children born in another state
who were enrolled in North Carolina.
We matched identification numbers from
Medicaid enrollment records to the Medicaid
paid claims history files to extract records of
all services received by each child from birth
to age 5. We summarized these records to
produce a variety of cost and health service
use measures for each year of life. We com-
pared the beginning date of service on each
Medicaid claim with the child’s date of birth
on the birth certificate to determine the year
of life to which the claim should be assigned.
We examined the following categories of
health care services: inpatient, outpatient,
physician visit, prescription drug, emergency
room, well-child, Early Periodic Screening,
Diagnosis, and Treatment (EPSDT—a com-
plete well-child visit paid through Medicaid),
dental services, and services for otitis media,
upper respiratory infections, lower respira-
tory infections, asthma, gastroenteritis, aller-
gies, and iron deficiency anemia. Using pri-
mary diagnosis only, we defined the
categories for childhood illnesses. A list of
the diagnostic, procedural, and other codes
The Special Supplemental Nutrition Program
for Women, Infants, and Children (WIC) is a
broad-based food and nutrition assistance
program for low-income pregnant, breastfeed-
ing, and postpartum women; infants; and chil-
dren up to 5 years of age. WIC is designed to
help these groups meet their special nutri-
tional needs during the critical growth and
development periods of pregnancy, infancy,
and early childhood. WIC provides 3 main
benefits: (1) supplemental foods, (2) nutrition
education, and (3) referrals to health and so-
cial services.
WIC is one of the fastest-growing food and
nutrition assistance programs. In fiscal year
1980, WIC served 1.9 million women and
children at a cost of $725 million. Today,
WIC annually serves 7.4 million women and
children at a cost of $5 billion. In recent
years, WIC has come under intense scrutiny
for its rapid expansion and increased cover-
age of children. Little is known about the ef-
fects of WIC on child health outcomes.1,2
A number of studies have found that WIC
participation during pregnancy is associated
with improved birth outcomes and reductions
in maternal and newborn health care costs
after birth.3–7 In contrast to the large body of
literature examining the effects of WIC partic-
ipation during pregnancy, fewer studies have
focused on the effects of WIC participation
on children. Based on data collected during
the early 1980s, the National WIC Evalua-
tion found significant effects of WIC partici-
pation on children’s intake of iron, vitamin C,
thiamin, niacin, and vitamin B6, but did not
find an effect on the use of preventive care.8
An important component of the WIC pro-
gram is referrals to health care providers.
WIC staff advise clients about the types of
health care available, the locations of health
care facilities, how they can receive and pay
for health care, and why health care is benefi-
cial. Many WIC clinics are located at or adja-
cent to public health clinics. Thus, WIC is ex-
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TABLE 1—Percentage of Medicaid-Enrolled Children With Selected Characteristics, by WIC 
Participation and Age
Completed Year of Age
1 2 3 4
No WIC WIC No WIC WIC No WIC WIC No WIC WIC
Control Variables, % (n = 5285) (n = 15 992) (n = 3901) (n = 14 849) (n = 2944) (n = 13 987) (n = 2547) (n = 13 778)
Minority race 54.3 59.6 58.1 61.6 55.7 60.9 54.5 61.7
Mother’s education < 12 years 42.5 41.5 42.5 42.3 43.3 44.0 44.2 45.3
Low birthweight 7.7 7.6 8.0 8.2 9.4 8.7 9.5 9.2
Mother’s age < 18 years 12.3 12.5 11.4 13.1 11.6 13.5 12.4 14.2
EPSDT received in a public health department 23.0 36.7 7.8 16.1 6.0 15.2 8.4 18.0
Mother smoked during pregnancy 28.9 24.2 29.1 25.0 31.7 25.5 32.1 25.9
Mother unmarried 67.4 64.7 68.8 65.7 65.8 65.8 64.0 66.0
Prenatal and infant WIC participation 51.7 79.4 51.0 77.5 50.0 76.4 49.0 75.8
Note. Children were enrolled in Medicaid for the full year. Most of the control variables are from the birth certificate. EPSDT = Early Periodic Screening, Diagnosis, and Treatment; WIC = Special
Supplemental Nutrition Program for Women, Infants, and Children.
used to define these measures is available
from the authors.
We examined 4 age groups based on com-
pleted years of age: 1-year-olds (12 to 23
months old), 2-year-olds (24 to 35 months
old), 3-year-olds (36 to 47 months old), and
4-year-olds (48 to 59 months old). We
matched WIC certification records and food
redemption files to the birth/Medicaid file to
identify children who participated in WIC; we
then constructed a cumulative measure of
child WIC participation. We defined 4 levels
of WIC participation based on the percentage
of months from age 1 through the particular
year of age in which food vouchers were re-
deemed: high (>66%), medium (34%–
66%), low (<34%), and none. We considered
this cumulative measure to be a better gauge
of child WIC participation than just WIC par-
ticipation in the current year of life.
Variables used to link the various data files
included name, date of birth, sex, county of
residence, and social security number (where
available). We conducted several determinis-
tic matching steps. Records unmatched at
each step were passed to subsequent steps, in
which the matching criteria were successively
relaxed.
Exclusions
We excluded from the analysis file infant
deaths, multiple births, and children who
were ever institutionalized (not including hos-
pitalizations). These exclusions represented
approximately 7% of the total linked records.
The resulting file contained linked birth/Med-
icaid/WIC records for 49795 children born
in 1992. From this file, children were ex-
cluded from the analyses for any year of life
in which they participated in the Child Ser-
vice Coordination program. This program
provides tracking and case management ser-
vices for children with medical, developmen-
tal, or social risk factors. Children in this pro-
gram have medical costs significantly higher
than average. These exclusions averaged
about 5% of the children at each year of age.
For each age 1 through 4, we examined
children who were continuously enrolled in
Medicaid by level of WIC participation. Chil-
dren who were not continuously enrolled in
Medicaid for a year were excluded from the
analyses, because complete cost and service
information for them would not be available
from the Medicaid paid claims data. Children
who were enrolled in a Medicaid health main-
tenance organization after 1996, for whom
we did not have complete encounter and cost
data, were excluded from the 3- and 4-year-
old age groups. This comprised about 7% of
the children who were continuously enrolled
in Medicaid.
Analysis
Through multiple regression analyses, we
used WIC participation and other control var-
iables to predict Medicaid costs and use of
services for each year of life. Because some of
the Medicaid cost variables included a large
number of zero values, we used a Tobit
model to estimate the Medicaid cost equa-
tions. Tobit is an estimation procedure that
accounts for censored values of the depen-
dent variable. We transformed the estimated
Tobit coefficients to produce estimates of the
differences in Medicaid costs between the
WIC and non-WIC subgroups. We used logis-
tic regression to estimate the odds of having a
well-child visit, being hospitalized, having an
emergency room visit, or being diagnosed
and treated for a common childhood illness
(dichotomous dependent variables), control-
ling for selected characteristics of the mother
and child.
We estimated the effects of high, medium,
and low WIC participation, using no WIC
participation as the reference category. We
used the following dichotomous control vari-
ables in the regression models: minority race,
mother unmarried, mother less than age 18,
mother’s education greater than 12 years,
EPSDT received in a public health depart-
ment, mother smoked during pregnancy, low
birthweight (<2500 grams), and previous
prenatal and infant WIC participation.
Measures of most of these control variables
came from the birth certificate. Whether
EPSDT was received in a public health de-
partment was used as a control variable be-
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TABLE 2—Use of Preventive Care by Children Enrolled in Medicaid: Estimated Effects of
Child WIC Participation
Completed Year of Age
1 2 3 4
Any well-child care
% with any well-child visit 76.9 52.3 52.8 71.1
Odds ratios from logistic regressiona
Low WIC participation 1.22** 1.05 1.08 1.18**
Medium WIC participation 1.48** 1.27** 1.24** 1.38**
High WIC participation 2.12** 1.57** 1.74** 1.89**
Recommended EPSDT visitsb
% receiving recommended EPSDT visits 66.3 46.4 48.0 63.2
Odds ratios from logistic regressiona
Low WIC participation 1.17** 1.03 1.11* 1.13*
Medium WIC participation 1.39** 1.25** 1.31** 1.31**
High WIC participation 1.78** 1.65** 1.82** 1.70**
EPSDT Medicaid costs
Average EPSDT Medicaid costs $73.50 $42.05 $43.63 $67.77
Estimated difference in Medicaid costs, $c
Low WIC participation 3 –3 –2 3*
Medium WIC participation 6** 8** 2 6**
High WIC participation 16** 11** 10** 11**
All well-child Medicaid costs
Average well-child Medicaid costs $77.54 $43.44 $44.48 $68.44
Estimated difference in Medicaid costs, $c
Low WIC participation 3 –2 –2 3*
Medium WIC participation 5** 7* 2 6**
High WIC participation 16** 10** 10** 11**
Note. Each cell represents a separate regression model. Control variables are shown in Table 1. EPSDT = Early Periodic
Screening, Diagnosis, and Treatment; WIC = Special Supplemental Nutrition Program for Women, Infants, and Children.
aOdds ratios are significantly different from 1.0 at the .05 (*) or .01 (**) level. Reference group is children with no WIC
participation.
bOne full EPSDT visit per year.
cEstimated differences from the no-WIC group are based on Tobit regression coefficients and are significant at the .05 (*) or
.01 (**) level.
*P < .05; **P < .01. All P values are 2-tailed.
cause Medicaid reimbursements in North Car-
olina sometimes differ for public and private
providers. Also, WIC clinics are often located
in public health departments, near well-child
care and other clinical services. Therefore,
controlling for source of EPSDT helped to ad-
just for any association between WIC partici-
pation and use of health care due to conve-
nience of location. Previous WIC participation
was used as a control variable to isolate the
effect of WIC participation after the first
birthday from the effects of previous WIC
participation.
We examined several multistage models,
using instrumental variables as a means of
controlling for selection bias. However, be-
cause most of the available predictor vari-
ables came from birth certificates, we were
not able to find good predictors of child WIC
participation that were not also associated
with the outcome measures. Therefore, the
results presented below do not include adjust-
ments for possible selection bias.
RESULTS
Table 1 shows the numbers of children
who were continuously enrolled in Medicaid
for each age group, by WIC participation.
The children who were continuously enrolled
in Medicaid during each year of life represent
approximately half of the total children en-
rolled in Medicaid for 1 or more months dur-
ing the year. Children participating in WIC
were generally very similar to nonparticipat-
ing children in minority status, incidence of
low birthweight, and maternal age, education,
smoking during pregnancy, and marital sta-
tus. WIC participants were more likely than
nonparticipants to have received EPSDT ser-
vices at a health department and to have had
previous prenatal and infant WIC participa-
tion. These variables in Table 1 were used as
the control variables in the logistic and Tobit
regressions.
Table 2 presents results on the use of Med-
icaid preventive care. The percentage of chil-
dren receiving the recommended number of
EPSDT visits was low, especially for those
aged 2 and 3 years, of whom only about half
had the recommended 1 visit. In general, the
findings showed that the higher the participa-
tion in WIC, the greater the odds of receiving
any well-child care and the recommended
number of EPSDT visits. Also, children on
WIC had significantly higher Medicaid expen-
ditures for EPSDT and all well-child care; the
higher the level of WIC participation, the
higher the Medicaid expenditures for preven-
tive care.
Table 3 shows the estimated differences
in Medicaid costs associated with the 3 lev-
els of WIC participation for total, physician,
outpatient, prescription drug, and dental
costs, separately by year of age. Child WIC
participation was associated with increased
total Medicaid expenditures. Compared with
children not on WIC, children with high
WIC participation had adjusted annual
Medicaid expenditures that were $163
higher for 1-year-olds, $197 higher for
2-year-olds, $204 higher for 3-year-olds,
and $345 higher for 4-year-olds. These are
substantial differences, given that the total
annual Medicaid expenditure per child in
these age groups is approximately $825. In
general, children with medium and low
WIC participation also had significantly
higher total Medicaid expenditures than did
WIC nonparticipants. For the other Medic-
aid cost variables in Table 3, Medicaid ex-
penditures generally increased as WIC par-
ticipation increased.
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TABLE 3—Regression Analysis for Selected Categories of Medicaid Costs: Estimated
Differences Associated With Child WIC Participation
Completed Year of Age
1 2 3 4
Total Medicaid costs, $
Low WIC participation 62 68 95* 175**
Medium WIC participation 87** 100* 108* 224**
High WIC participation 163** 197** 204** 345**
Physician costs, $
Low WIC participation 16 29* 40 120*
Medium WIC participation 41** 59** 77** 163**
High WIC participation 80** 103** 120** 214**
Outpatient costs, $
Low WIC participation 36** 28** 29** 24**
Medium WIC participation 32** 28** 30** 21*
High WIC participation 36** 31** 43** 34**
Prescription drug costs, $
Low WIC participation 4 23 9 10
Medium WIC participation 19** 41* 15** 25*
High WIC participation 36** 90** 36** 56**
Dental costs, $
Low WIC participation –1 2 4 11*
Medium WIC participation –1 7* 6 21**
High WIC participation 2* 11** 20** 30**
Note. Estimated differences are based on Tobit regression coefficients for each WIC group compared to the no-WIC group
after adjustment for all other risk factors in the regression model (see Table 1) and are significant at the .05 (*) or .01 (**)
level. WIC = Special Supplemental Nutrition Program for Women, Infants, and Children.
*P < .05; **P < .01. All P values are 2-tailed.
Table 4 indicates that, for each of the
4 years of life, children who participated in
WIC generally were significantly more likely
than nonparticipating children to have been
hospitalized and to have had an emergency
room visit during the year. In addition, chil-
dren participating in WIC were significantly
more likely to have been diagnosed and
treated for a common childhood illness, with
those participating in WIC at the high level
most likely to have been diagnosed and
treated.
The prevalence of diagnosis and treatment
of common childhood illnesses among chil-
dren on Medicaid generally decreased with
age. Among the 1-year-olds, approximately
61% were diagnosed and treated 1 or more
times during the year for otitis media, 52%
for an upper respiratory infection, 26% for a
lower respiratory infection, 7% for asthma,
7% for gastroenteritis, 13% for an allergy,
and 1% for iron deficiency anemia. Other
studies show comparable prevalence rates of
asthma among US children (4%–7%)9 and of
otitis media among 2-year-olds (68%).10
DISCUSSION
We used linked Medicaid enrollment files,
Medicaid paid claims files, birth certificates,
and WIC food redemption records to analyze
preventive care use, health care expenditures,
and diagnosis and treatment of common
childhood illnesses for child WIC participants
and low-income nonparticipants.
The results were striking: Not only was
child WIC participation associated with in-
creased use of preventive care, but it also was
associated with increased use of almost all
kinds of health care (including emergency
room and inpatient care) and increased diag-
nosis and treatment of common childhood ill-
nesses, including otitis media, gastroenteritis,
upper and lower respiratory infections, and
asthma. Medicaid costs were higher for all
categories of health services for the children
participating in WIC.
The bottom line is that children enrolled
in Medicaid who participate in WIC are
linked to the health care system and are
much more likely to receive both preventive
and curative care, whereas Medicaid-enrolled
children who do not participate in WIC sim-
ply are not as connected to the health care
system. Because we would not expect WIC
children to be more likely to be diagnosed
with common childhood illnesses, concerns
arise about likely undiagnosed and untreated
health conditions among low-income children
enrolled in Medicaid who do not participate
in WIC.
This association between participation in
WIC and higher use of health services per-
sists after control for other factors that affect
service use and cost, such as low birthweight
and mother’s race, education, age, marital sta-
tus, and smoking during pregnancy. House-
hold income was not available as a control
variable, although the study sample consisted
only of children enrolled in Medicaid, which
is a low-income sample. For children born in
1992, the family income threshold for Medic-
aid eligibility at ages 1 through 4 was less
than 133% of the federal poverty level. Thus,
differences in family income within the study
population were also controlled to some ex-
tent. In addition, use of mother’s education
and marital status as control variables par-
tially adjusted for differences in socioeco-
nomic status.
The finding of higher use of well-child ser-
vices among children on WIC is important,
given that the overall use of preventive ser-
vices among children on Medicaid is low.
Among all of the children in our study, only
about half received any EPSDT care in each
year. These findings are in contrast to those
of the National WIC Evaluation, based on an
older data set, which did not indicate more
frequent use of preventive health services
among preschool children on WIC.8 The
study findings also suggest that greater use of
well-child and other diagnostic services by
child WIC participants may increase the diag-
nosis and treatment of common childhood ill-
nesses, which in turn leads to an overall
higher use of health care services.
January 2003, Vol 93, No. 1 | American Journal of Public Health Buescher et al. | Peer Reviewed | Research and Practice | 149
 RESEARCH AND PRACTICE 
TABLE 4—Adjusted Odds of Being Hospitalized, Having an Emergency Room Visit, and Being
Diagnosed and Treated for Selected Childhood Illnesses for Children Who Participated in WIC
Completed Year of Age
1 2 3 4
Hospitalization
Low WIC participation 0.97 1.17 1.28 1.33
Medium WIC participation 1.12 1.04 1.18 1.66*
High WIC participation 1.05 1.28* 1.32 1.89**
Emergency room visit
Low WIC participation 1.25** 1.19** 1.23** 1.17**
Medium WIC participation 1.22** 1.18** 1.24** 1.21**
High WIC participation 1.16** 1.17** 1.30** 1.20**
Diagnosis and treatment of a common childhood illness
Otitis media
Low WIC participation 1.09 1.10* 1.15* 1.05
Medium WIC participation 1.27** 1.24** 1.21** 1.25**
High WIC participation 1.34** 1.45** 1.55** 1.44**
Upper respiratory infection
Low WIC participation 1.12* 1.12* 1.04 1.23**
Medium WIC participation 1.20** 1.23** 1.24** 1.37**
High WIC participation 1.44** 1.46** 1.53** 1.71**
Lower respiratory infection
Low WIC participation 1.03 1.08 1.14 1.14
Medium WIC participation 1.27** 1.27** 1.16* 1.28**
High WIC participation 1.28** 1.33** 1.36** 1.43**
Asthma
Low WIC participation 1.08 1.45** 1.10 0.98
Medium WIC participation 1.17 1.37** 1.15 1.05
High WIC participation 1.22** 1.62** 1.31** 1.19
Gastroenteritis
Low WIC participation 1.15 1.18 1.04 1.23
Medium WIC participation 1.40** 1.25 1.23 1.25
High WIC participation 1.52** 1.51** 1.39* 1.65**
Allergy
Low WIC participation 0.93 1.05 1.05 1.13
Medium WIC participation 1.09 1.14 1.03 1.21
High WIC participation 1.23** 1.32** 1.14 1.30*
Iron deficiency anemia
Low WIC participation 1.17 1.25 0.93 1.95
Medium WIC participation 1.72* 1.49 0.60 1.89
High WIC participation 2.12** 2.15** 1.43 2.31*
Note. Results are based on logistic regression. The reference category for odds ratios is no WIC participation. Odds ratios are
significantly different from 1.0 at the .05 (*) or .01 (**) level. WIC = Special Supplemental Nutrition Program for Women,
Infants, and Children.
*P < .05; **P < .01. All P values are 2-tailed.
These findings are consistent with the goals
of the WIC program, one of which is to serve
as an adjunct to good health and to counsel
WIC participants on the importance of pre-
ventive health care. Children participating in
WIC should have stronger links to the health
care system, resulting in higher overall use of
health care services.
Children on Medicaid are a relatively high-
risk population in need of more health care
services than the general population.11 The
association of WIC with higher use of ser-
vices may mean that the health care needs of
low-income children on Medicaid who partici-
pate in WIC are being better met than those
of their non-WIC-participating peers. The
findings for dental services support this con-
clusion. The percentage of children with any
dental visit within a year was low: 5% for age
1, 10% for age 2, 24% for age 3, and 39%
for age 4 years. WIC participation was associ-
ated with increased Medicaid costs for dental
services. Also, across the 4 age groups, the
adjusted odds of having 1 or more dental
claims during the year was 1.3 to 1.5 times
greater for Medicaid-enrolled children with
high WIC participation than for those not
participating in WIC (P<.01). Other studies
have suggested that dental care is a serious
unmet need among children in poverty.12–14
However, the data used in this study do not
allow determination of an adequate or appro-
priate level of health care use, so we can only
infer that there are unmet health care needs
in this population of low-income children.
There may be alternative explanations for
the finding that children on WIC use health
services at a higher level. Perhaps children
who use more health services are more likely
to be referred to the WIC program. The data
in this study do not demonstrate the direction
of causation, and the effect may run in both
directions. The regression models do control
for source of EPSDT (public health depart-
ment vs other) to help adjust for any associa-
tion between WIC participation and use of
health care that is attributable to physical
proximity of WIC clinics to well-child and
other clinical services in health departments.
Another issue is that children with health
problems either may be selected into WIC
after infancy or may be more likely to remain
on WIC as they get older, resulting in higher
Medicaid costs for child WIC participants.
Good measures of health status for these chil-
dren after infancy are not available from the
study data set.
In a retrospective observational study such
as this, the finding of an association between
WIC participation and higher use of health
care services does not demonstrate causation.
Families who are inclined to seek WIC ser-
vices may also be more likely to seek other
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health services. Selection bias may be influ-
encing the findings of this study. However,
the WIC and non-WIC children were gener-
ally very comparable on the demographic fac-
tors available from the birth certificate.
Finally, this study demonstrates the feasi-
bility of linking state-level birth, Medicaid,
and WIC databases as an approach to WIC
program evaluation. Given the overall lack of
evidence on the effects of child WIC partici-
pation, this methodology is a cost-effective
and promising approach for investigating the
effects of WIC participation on health out-
comes. The results suggest that WIC partici-
pation promotes higher use of health care ser-
vices among young children on Medicaid.
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This book describes the varied spec-trum of work done at the local public
health level, and how practitioners take
the lead in social justice today. The wide
array of public health department ap-
proaches, such as budgeting, staffing, ser-
vices, involvement in personal health ser-
vices, and their relationships with states
is disclosed.   
This book is an incredible resource
for: local public health officers, adminis-
trators, and state and local health plan-
ners for use in their own local public
health practice.
ISBN 0-87553-243-8
2000 ❚ 281 pages ❚ softcover
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